Parathyroid carcinoma (Pc) is a rare malignancy with an indolent but progressive course. This rare tumour is often difficult to diagnose preoperatively, thus limiting the efficacy of surgery. As long-term survival is largely dependent on the extent of the primary surgical resection, it is of great importance to consider Pc in the differential diagnosis of hyperparathyroidism. We herein report three Pc patients with different clinical histories who were followed up at our hospital for over a 5-year period, emphasizing the variability in clinical presentation of this rare tumour. Moreover, NOrA (Nucleolar Organizer regions, a standardised silver-stain, marker of proliferation rate) values encountered in these Pc patients confirm that AgNOr analysis may be regarded as an additional tool when the pathologist encounters difficulties in defining parathyroid lesions which are not clearly benign.
IntRoductIon
Parathyroid carcinoma (PC) is an uncommon endocrine malignancy that accounts for 0.005% of all cancers and about 1% of the cases of primary hyperparathyroidism. [1] [2] [3] [4] [5] [6] Patients with familial hyperparathyroidism, multiple endocrine neoplasia type 1 (MEN1) and a history of neck irradiation are at increased risk for developing this neoplasia.
1-3 PC occurs with equal frequency in both sexes (F:M ratio = 1:1), in contrast with parathyroid adenomas (F:M ratio 3-4:1); PC is usually diagnosed in the fifth decade, approximately ten years earlier than its benign counterpart. [1] [2] [3] The typical features of PC are represented by signs and symptoms of severe hypercalcemia, with renal and bone involvement in up to 90% of patients. [1] [2] [3] Clinical suspicion may be aroused when there is a palpable cervical mass with or without recurrent laryngeal nerve paralysis or hoarseness, when there are concomitant bone and renal manifestations and when serum levels of calcium and PTH are very high. [1] [2] [3] In the cases reported in the literature, the tumour size ranges from 1 to 12 cm, with a mean of 3 cm. 7 All the above features suggest malignancy but the differential diagnosis between benign and malignant disease is often difficult to determine on clinical grounds. Even the histology of PC can be equivocal or frankly misleading. 3, 8 Thus, commonly the diagnosis of PC is made a posteriori, when local recurrence or distant metastases occur. [1] [2] [3] As better outcomes are associated with complete resection of the tumour at the time of initial surgery, the difficulty encountered by clinicians in diagnosing pre-operatively this rare tumour may limit the effectiveness of the surgical treatment. 2, 5, 9 It has been demonstrated that under staging and under treatment of PC contributes to the high recurrence rates and mortality of the disease. 6, 9 En bloc resection of the carcinoma and the adjacent structures in the neck, including ipsilateral thyroid lobe and isthmus, lymph nodes and soft tissues, represents the treatment of choice. [1] [2] [3] 8, 9 This surgical approach is associated with an 8% local recurrence rate and a long-term overall survival rate of 89%. 9 In contrast, simple parathyroidectomy results in a 51% local recurrence rate and 53% long-term survival rate.
Here we report three cases of PC observed at our University Hospital over a 5-year period. These cases highlight the variability in clinical presentation of PC and the need for individualized care. We also review the literature on clinical presentation, diagnosis and management of this rare entity, with the principal aim of outlining the features that help in distinguishing PC from parathyroid adenoma.
patIents
Biochemical data of the three patients at admittance to our University Hospital are summarized in Table 1 . Histopathological features of each case are summarized in Table 2 . Illustrative images of each case are also provided.
case 1
Woman, aged 54 years. Two years earlier she had undergone near-total thyroidectomy because of a large, benign multinodular goiter. At the time of thyroidectomy, the surgeon did not find enlarged parathyroids, and post-operatively serum calcium levels were within normal levels. Biochemical followup disclosed modest hypercalcemia (10.7 mg/dL; normal values 8.2-10.4), which prompted PTH assay. As shown in Table 1 , serum intact PTH was elevated (320 pg/mL; nv 12-62 pg/ml), and the 24-hours urinary calcium was increased (345 mg/24h, nv 100-300). The patient complained of no bone pain, abdominal (constipation, gastritis) or renal symptoms (lithiasis). Her past medical history was significant for mild, and untreated, osteoporosis. Her bone mineral density (BMD), assessed by dual-energy x-ray absorptiometry (DEXA) at the lumbar spine and femoral neck and expressed as T-scores, was -2.6 at both sites. She denied having prior radiation exposure. The patient underwent neck ultrasonography (US) which revealed a 21-mm hypoechoic nodule with indistinct margins and multiple calcifications, in a position corresponding to the lower pole of the right thyroid lobe, suggesting a parathyroid mass. No abnormal lymph nodes were detected in the neck. Dual phase parathyroid scintigraphy with 99m Tc-methoxyisobutylisonitrile ( 99m Tc-MIBI) showed an abnormal tracer uptake in the inferior parathyroid gland, in a position corresponding to the mass revealed at US (Figure 1 ). All findings were consistent with primary hyperparathyroidism and the patient underwent surgery. As detailed in Table 2 , pathological examination of the excised mass revealed a parathyroid carcinoma (Figure 2, panel A) . Via immunohistochemistry, a variously represented Ki-67 expression was evident in different neoplastic areas, even though the values of single labelling index (Ki-67 LI) observed in each field were never over 5%. A value of 3.75 was recorded as mean Ki-67 LI (Table  2 and Figure 2, panel B) . Moreover, to determine the proliferation rate, a standardised silver-stained Nucleolar Organizer Regions (AgNOR) analysis was also performed, as reported elsewhere. 10 Mean NORA value was 4.287 μm 2 (Standard Error 0.168), clear of tumour tissue. Serum calcium decreased to 8.4 mg/dL postoperatively. On the 6th post-operative day, the patient was discharged uneventfully with a a value similar to that reported in malignant parathyroid lesions 10 ( Figure 2 , panel C). One of the excised lymph nodes was metastatic, while soft tissues were c under L-Thyroxine therapy (100 μg/die). d At time of admittance to our hospital, the patient had severe hydronephrosis and an ureteral stent. It was thus difficult to evaluate the urinary parameters on a 24h sample. Urinary epinephrine, normetanephrine and metanephrine were determined afterwards. Neoplastic elements characterized by round nuclei with prominent nucleoli were arranged in solid and diffuse nodules. Thick, sharply outlined bands of collagenous tissue were projected from the capsule into the interior of the mass, giving rise to irregular lobules. At the periphery of the lesion, areas of capsular invasion by neoplastic cells as well as neoplastic thrombi inside vessels were detected (see Figure 2 , panel A). a Histopathological examination was carried out on formalin-fixed paraffin-embedded tissue blocks. b On 5μ parallel section, immunohistochemistry for Ki-67 antigen was performed using the monoclonal antibody MIB-1 (Dako Cytomation, Copenhagen, Denmark; working dilution 1:200), after an antigen retrieval pre-treatment by three cycles x 5 min (0.01 M citrate buffer, pH 6.0) in a microwave oven. The Ki-67 staining score was evaluated by counting the percentage of positive nuclei per 1000 neoplastic cells in up to 10 representative fields of the whole neoplastic portions; all degrees of nuclear staining intensity were taken into consideration.
c Standardised silver-stained Nucleolar Organizer Regions (AgNOR) analysis was performed as reported elsewhere (see ref. 10) , and the mean area (in square micrometres) of AgNORs per nucleus (NORA) was evaluated by means of an image analyser and specific softwares.
serum level of PTH of 5 pg/mL and calcemia of 8.2 mg/dL. The patient was followed up for five years, during which serum levels of calcium and PTH remained within the normal range with no recurrent disease detected at US, Tc-MIBI scintigraphy and contrasted-computed tomography (CT).
case 2
Woman, aged 54 years. Two years before, severe osteoporosis was discovered (DEXA T-scores of -4.8 SD at both the lumbar spine and femoral neck). X-rays and CT scan of the spine showed diffuse osteoporosis and a vertebral compression fracture in the thoracolumbar junction (T10). Whole-body bone scintigraphy with 99mTechnetium methylenediphosphonate (99mTc-MDP) displayed an abnormal uptake in the T10 vertebral body, as well as a number of areas of increased activity in some ribs (fourth and fifth right ribs, and fourth left rib) and long bones (proximal right femur and upper tibiae). Medical therapy with bisphosphonates and vitamin D was started. The vertebral fracture was treated with percutaneous vertebroplasty (bone cement augmentation). In the following two years, the patient complained of progressive bone pain; both spinal and femoral BMD did not improve. Moreover, a new vertebral collapse occurred at T9, as detected at CT scan. The patient was referred to the Endocrinology Unit for suspected hyperparathyroidism. Biochemical data B and C). 18F-fluorodeoxyglucose positron emission tomography (18FDG-PET) total-body scanning was negative.
The patient underwent surgery through a cervical approach and a median sternotomy. Histopathological evaluation was consistent with PC ( Table 2) . As regards proliferation markers, the mean Ki-67 LI was 3.12, while the mean NORA value was 4.425 μm 2 (Standard Error 0.113) ( Table 2 ). Serum calcium dropped to 7.7 mg/dL postoperatively, requiring calcium and calcitriol supplementation. On the 6th post-operative day, the patient was discharged uneventfully with a serum level of PTH of 24.5 pg/mL and calcium of 8.2 mg/dL, under calcium therapy. Three months after surgery, the patient underwent neck US, Tc-MIBI scintigraphy and CT total body scan, all negative for persistence/recurrence of disease, and the doses of calcium and calcitriol were gradually reduced up to withdrawal. Both serum PTH and calcium levels have remained within normal levels during the subsequent 36 months' duration follow-up with no evidence of recurrent disease. Both spinal and femoral BMD significantly improved (T-score -2.6 and -2.4, respectively, at the last control).
case 3
Woman, aged 75 years. Her past medical history included hypertension, mental depression, degenerative joint disease, diffuse osteoporosis of the spine Tc-MIBI (magnification 1 and 2, matrix 265×256 and 128×128, respectively). Images were obtained using a dualheaded gamma-camera equipped with low-energy high-resolution parallel-hole collimator (LEHRPAR). A photopeak of 140 KeV with symmetrical 20% window was used. A focal area of abnormal tracer uptake was appreciated next to the lower pole of the right thyroid (black arrow). ×150) . The neoplastic elements, characterized by round nuclei with prominent nucleoli, were arranged in diffuse masses or in solid sheets. At the periphery of the lesion, areas of capsular invasion by neoplastic cells as well as neoplastic thrombi inside vessels were also found. Nuclear immunostaining for MIB-1 (B, magnification x400). Nucleolar Organizer Regions (AgNOR) analysis. Neoplastic parathyroid showed an adequate homogeneous staining intensity throughout the whole section. In both nuclei and nucleoli of neoplastic cells, the AgNORs were clearly distinguishable as black dots. Moreover, an increase of extranucleolar silver dots scattered throughout the nucleus was found. Occasionally, the AgNORs were clustered in irregularly shaped collections inside carcinomatous cells (C, magnification ×400).
of the patient are summarized in Table 1 . Neck US revealed the presence of a mixed-structure nodule of 39x30x20 mm, with abnormal intranodular blood flow and multiple calcifications. The nodule was adjacent to the inferior pole of the right thyroid lobe, reaching the jugulum. CT scan showed a lesion of 50 mm in longitudinal diameter in the right side of the neck, which displayed substernal extension inferior to the level of the aortic arch. (Figure 3, panel A) . Dualphase 99m Tc-MIBI scan demonstrated an abnormal tracer uptake in the same location, corresponding to the inferior right parathyroid gland ( Figure 3 , panels and bone pain. Hypertension was treated with calcium channel antagonists. Six months before our observation, a renal colic occurred. During the same period, the patient complained of muscle weakness, fatigue, nausea, anorexia, dysphagia and severe weight loss (10 kg in a few weeks). Since these symptoms worsened, the patient was hospitalized. On physical examination, she was dehydrated and emaciated. Imaging studies (abdominal ultrasound, plain X-ray and CT) demonstrated the presence of right ureteral stones causing hydronephrosis, along with asymptomatic left renal pelvis stones. Esophago-gastroduodenal endoscopy demonstrated a reflux-induced esophagitis and erosive duodenitis, so that therapy with proton pump inhibitors and mucosal protecting drugs was started. As summarized in Table 1 , laboratory tests disclosed modest chronic renal insufficiency and hypercalcemia (15.3 mg/dl; ionized calcemia = 1.9 mmol/l), which prompted PTH assay. Serum PTH was markedly increased (1266 pg/ml). Neck US displayed an enlarged right thyroid lobe and an inhomogeneous, hypoechoic nodule of 36 mm in maximum diameter in the lower portion of the lobe, deforming the glandular profile (Figure 4, panel A) . The nodule was hypervascularized on color Doppler, with abnormal peri-and intranodular blood flow. Parathyroid planar 99m Tc-MIBI scintigraphy revealed a single focus of sestamibi accumulation in the inferior right location (Figure 4 , panels B and C), and the patient was referred for surgery.
At neck exploration, an entirely intrathyroidal enlarged parathyroid gland was found and removed, along with the right thyroid lobe and paratracheal lymphatic compartment and soft tissues. At pathological examination a diagnosis of PC was made ( Table  2 ). The MIB-1 immunostaining was evident in less than 5% of neoplastic cells (mean Ki-67 LI 3.09). The mean NORA value was 4.735 μm 2 (Standard Error 0.201) ( Table 2) . Postoperatively, the patient developed symptomatic hypocalcemia that responded to temporary calcium supplementation. PTH levels dropped to 56.4 pg/ml. Neck US, Tc-MIBI scintigraphy and CT total body scan, performed three months after surgery, were negative for persistent/ recurrent disease. At 18 months follow-up, the patient was symptoms-free and serum calcium and PTH levels (monitored every three months) remained within normal values. dIscussIon PC is a rare malignancy, with about 800 cases reported worldwide. [1] [2] [3] [4] [5] [6] As mentioned above, it is found in about 1% of patients with primary hyperparathyroidism.
1-3 A relatively higher prevalence was reported in Italy and Japan where PC was diagnosed in up to 5% of patients operated on for primary hyperparathyroidism. [11] [12] [13] PC is often difficult to diagnose preoperatively. The diagnosis is suggested by a combination of clinical and biochemical features, mainly markedly raised serum calcium levels (usually >14 mg/ dl) and PTH. In addition, a palpable neck mass, which is unusual in parathyroid adenomas, has been reported in 30-76% of patients with PC. [1] [2] [3] 14 The kidney and skeleton are the sites most affected by PC-associated hyperparathyroidism, and their involvement is more frequent and more severe than in benign lesions. [1] [2] [3] 12, 13 Recurrent severe pancreatitis, peptic ulcer disease, anemia and psychiatric symptoms occur with greater frequency in patients with malignant disease than in those with benign primary hyperparathyroidism.
We have previously reported an uncommon case of PC presenting as normocalcemic hyperparathyroidism, with asthenia and mental depression being the sole symptoms reported by the patient along with DEXA evidence of osteoporosis. 15 The three cases reported herein highlight further the variability in clinical presentation of PC and the consequent difficulties in diagnosing it pre-operatively.
In case #1, PC-associated hyperparathyroidism was incidentally discovered during a biochemical follow-up after near-total thyroidectomy for a benign goiter. The patient had modestly elevated calcemia and frankly elevated PTH. A mild, asymptomatic case of osteoporosis was the sole alteration noted.
At the other extreme, the 20-yrs older case #3 displayed almost all the clinically and biochemically distinct features of PC. The patient presented with severe hypercalcemia associated with related symptoms and signs (fatigue, weakness, weight loss, anorexia, nausea, vomiting, anemia, mental depression, renal colic and bone pain), and serum PTH levels were extremely high. Thus, malignancy was suspected pre-operatively and confirmed upon careful examination by pathologists. The peculiarity of this case is the fact that the parathyroid mass was entirely within the thyroid gland and invading the surrounding parenchyma. The intrathyroid location is one of the ectopic positions of the parathyroids. It is quite unusual that these intrathyroidal glands can develop into hyperfunctioning adenomas. 16 To the best of our knowledge, only four other patients with intrathyroidal PC have been described in the literature. [17] [18] [19] [20] In case #2, a diagnosis of primary hyperparathyroidism was made by endocrinologists on the basis of the skeletal involvement (bone pain, severe osteroporosis and multiple vertebral fractures), but clinical and biochemical data did not allow differentiation between cancer-associated hyperparathyroidism and the much more common benign counterpart. Malignancy was suspected at surgical exploration and confirmed at pathological examination.
At surgical exploration, PC typically presents as a lobulated, stony-hard mass surrounded by a fibrous, grayish-white capsule that adheres tenaciously to adjacent tissues.
1,2 These operative findings may be helpful for decision-making during parathyroid surgery. The diagnosis of PC, suggested intraoperatively by the abovementioned findings, should be confirmed at histopathological examination in accordance with the World Health Organization (WHO) criteria. 21 These include the presence of vascular invasion, perineural space invasion, capsular penetration and/ or metastases. 21 However, the histopathological distinction between benign and malignant parathyroid tumours is often difficult, with up to 50% of patients presenting metastases having been initially diagnosed with benign disease. 3, 9 Some morphological parameters that have been considered as signs of malignancy, such as presence of thick fibrous bands within the tumour, nuclear atypia and mitotic count, [21] [22] [23] are present in only half of the cases of PC and may also be observed in adenomas. 22 Several immunohistochemical markers, as parafibromin, retinoblastoma protein (pRb), p53 and cyclin D1, have been sought for the recognition of parathyroid malignancy, but none of them appears to be specific and sensitive enough. [24] [25] [26] [27] [28] [29] The proliferation marker Ki-67 has also been suggested as an adjunct tool, since PC generally have a more intense immunostaining for Ki-67 than adenomas. [27] [28] [29] Although an overlap between benign and malignant parathyroid lesions exists, 27 the current WHO guidelines on PC suggest that tumours with Ki-67 counts greater than 5% should be subject to closer follow-up due to an increased risk of malignancy. 21 In our three cases, despite unequivocal histopathological features of malignancy (i.e., vascular and/or adjacent soft tissues' invasion, and/or lymph node metastases), the mean Ki-67 LI was never over 5%, thus confirming how challenging is the diagnosis of PC. On the other hand, NORA values were high (ranging from 4.287 μm 2 to 4.735 μm 2 ), indicating an elevated proliferation rate. Indeed, AgNOR analysis may be helpful in distinguishing PC from adenoma. 10, 22, 30, 31 Tuccari et al 10 showed that NORA values assist in distinguishing hyperplastic, adenomatous and cancerous parathyroid lesions because the corresponding mean±SE NORA values were 2.895±0.171, 3.638±0.125 and 4.701±0. 179 μm. 2 Furthermore, all the highest values pertained to metastatic PC. 10 The NORA values encountered in the patients reported here and in the patient described elsewhere (4.972 μm 2 )
15 agree with these previous data. 10 Therefore, AgNORs may be regarded as a valuable aiding tool when the pathologist encounters difficulties in defining parathyroid tumours which are not clearly benign.
In conclusion, the present report on three cases of PC confirms to what extent it is still a challenge to differentiate between cancer-associated hyperparathyroidism and the much more common benign counterpart. As better outcomes are associated with complete resection of the tumour at the time of initial surgery, it is of great importance that PC be considered in the differential diagnosis of primary hyperparathyroidism. Finally, AgNOR analysis has additional value for the pathologist in complementing the routine histological evaluation of a parathyroid mass.
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